Ertugliflozin, an inhibitor of sodium-glucose cotransporter 2, is approved in the United States and European Union for the treatment of type 2 diabetes in adults, both as monotherapy and as part of fixed-dose combination (FDC) therapies with either sitagliptin or immediate-release metformin. The effect of a standard, high-fat breakfast on the pharmacokinetics of the highest strengths of ertugliflozin monotherapy (15 mg), ertugliflozin/sitagliptin FDC (15-/ 100-mg), and ertugliflozin/metformin FDC (7.5-/1000-mg) tablets was evaluated. In 3 separate open-label, 2-period, 2-sequence, single-dose, crossover studies, 14 healthy subjects per study were randomized to receive either ertugliflozin monotherapy or FDC tablets comprising ertugliflozin and sitagliptin or ertugliflozin and metformin under fasted and fed (or vice versa) conditions. Food did not meaningfully affect the pharmacokinetics of ertugliflozin, sitagliptin, or metformin. For FDCs, the effect of food was consistent with that described for individual components. All treatments were well tolerated. Ertugliflozin and ertugliflozin/sitagliptin FDC tablets can be administered without regard to meals. As metformin is administered with meals because of its gastrointestinal side effects, the ertugliflozin/metformin FDC should also be administered with meals.
Inhibitors of sodium-glucose cotransporter 2 (SGLT2) offer physicians a new treatment option for type 2 diabetes mellitus (T2DM). Glucose in the blood is filtered through the glomerulus and is subsequently reabsorbed via SGLT2 and SGLT1. SGLT2 is responsible for reabsorption of the majority of glucose (90%) in the kidney. 1 SGLT2 inhibitors have been shown to reduce renal glucose reabsorption and lower the renal threshold for glucose excretion, thereby increasing urinary glucose excretion and reducing plasma glucose and hemoglobin A1C (Hb A1c ) independently of pancreatic β-cell function. 2, 3 Ertugliflozin is a selective SGLT2 inhibitor approved in the United States (US) and European Union (EU) at doses of 5 and 15 mg for the treatment of T2DM in adults; its selectivity is 2000-fold higher for SGLT2 than for SGLT1. 4 Phase 2 and 3 studies have shown that ertugliflozin reduces Hb A1c , body weight, and blood pressure. [5] [6] [7] [8] [9] It is expected that in clinical practice, ertugliflozin will be used in combination with the dipeptidyl peptidase 4 (DPP-4) inhibitor sitagliptin 10 or with the biguanide antihyperglycemic agent metformin, 11 both of which are indicated for the treatment of T2DM. Sitagliptin inhibits DPP-4, which leads to increases in active incretin hormones, glucagon-like peptide (GLP)-1, and glucose-dependent insulinotropic polypeptide (GIP). GLP and GIP are released by enteroendocrine cells in response to food and result in enhanced glucose-dependent insulin secretion from pancreatic β-cells. In addition, GLP-1 suppresses glucagon release from pancreatic α-cells and slows gastric emptying. These mechanisms work to lower both fasting and postprandial glucose concentrations. Metformin reduces glucose production by the liver and absorption in the intestine, improving insulin sensitivity due to increased peripheral glucose uptake and utilization. Combining ertugliflozin with other antihyperglycemic agents that have different and complementary mechanisms of action results in improved glycemic control. 7, 8, 12, 13 As such, fixed-dose combination (FDC) formulations of ertugliflozin/sitagliptin and ertugliflozin/metformin have been developed and are approved in the US and the EU.
Ertugliflozin is a Biopharmaceutical Classification System (BCS) class I drug having high solubility and high permeability. The absolute oral bioavailability of ertugliflozin is 100%. 14 Results of phase 1 studies have shown that ertugliflozin is rapidly absorbed following oral administration, with median time to maximum observed plasma concentration (T max ) achieved at 0.5-1.5 hours postdose under fasted conditions. Exposure of ertugliflozin is dose proportional over the dose range of 0.5 to 300 mg, and terminal elimination half-life (t 1/2 ) is in the range of 11 to 17 hours. 15 Ertugliflozin is metabolized mainly by uridine diphosphate-glucuronosyltransferase (UGT) isozymes UGT1A9 and UGT2B7, with minor contributions from cytochrome P450 isozymes. 16 Given that ingestion of a meal may result in changes to the physiology of the gastrointestinal tract or impact the release of drug from the dosage form, which can in turn affect drug bioavailability, 17 understanding the effect of food on bioavailability is particularly important in clinical development. Three phase 1 open-label, randomized, 2-period, single-dose, crossover studies were conducted in healthy subjects to assess the effect of a standard high-fat breakfast on the pharmacokinetics of ertugliflozin and the 2 FDC formulations. These studies also assessed the safety and tolerability of ertugliflozin under fasted and fed conditions when administered as monotherapy and as ertugliflozin/sitagliptin and ertugliflozin/metformin FDCs.
Methods

Ethical Conduct of the Study
The final protocol and informed consent documentation for each of the 3 studies were reviewed and approved by the Comite d'Ethique Hospitalo-Facultaire Erasme-ULB Institutional Review Board (Brussels, Belgium), and all subjects provided signed and dated informed consent. All studies were compliant with the ethical principles of the Declaration of Helsinki and all International Conference on Harmonization Good Clinical Practice guidelines.
Selection of Dose and Meal Conditions
The highest dose of ertugliflozin (15 mg) was selected as the most appropriate for the assessment of food effect in accordance with the US Food and Drug Administration (FDA) and European Medicines Agency (EMA) guidances. 17, 18 Similarly, 100 mg is the maximum daily dose of sitagliptin used in clinical practice, 10 and 1000 mg twice daily is a commonly used dose of metformin in clinical practice. 11 As such, ertugliflozin 15 mg/sitagliptin 100 mg and ertugliflozin 7.5 mg/metformin 1000 mg were the highest strengths developed for the FDC tablets and were used for the assessment of food effect. As the ertugliflozin/metformin FDC contains an immediate-release formulation of metformin that requires twice-daily dosing, the dose strength containing 7.5-mg ertugliflozin was used for evaluation of food effect for this FDC. Consumption of a high-fat meal was included in these studies in keeping with the guidelines from the US FDA and the EMA, 17 ,18 which recommend using meal components that have the greatest chance of affecting gastrointestinal physiology so that systemic drug availability is maximally affected. Hence, subjects were given a standard high-fat, high-calorie (approximately 800-to 1000-calorie) breakfast, with approximately 50% of the total caloric content as fat.
Study Design
All 3 studies were open-label, 2-period, 2-sequence, single-dose, crossover studies conducted at the Pfizer Clinical Research Unit in Brussels, Belgium. Each study consisted of a screening visit and 2 treatment periods, with screening occurring within 4 weeks of the first dose of study treatment. Eligible subjects were admitted to the Clinical Research Unit on day 0. Each subject received ertugliflozin 15 mg, ertugliflozin 15-mg/sitagliptin 100-mg FDC, or ertugliflozin 7.5-mg/metformin 1000-mg FDC tablets under fasted and fed conditions in a crossover design. During the fasted phase, subjects received study medication after an overnight fast of ࣙ10 hours, and no additional food was allowed for 4 hours postdose. During the fed phase, subjects fasted overnight for ࣙ10 hours and then received a standard high-fat, high-calorie breakfast, as described above. The entire breakfast was to be consumed within 25 minutes, and no additional food was allowed for 4 hours postdosing of study medication, which was administered approximately 30 minutes after beginning the breakfast. Subjects were requested to refrain from lying down or drinking beverages other than water for the first 4 hours postdose. Dosing in each period was separated by a washout period of ࣙ5 days for the ertugliflozin monotherapy study and ࣙ7 days for FDC studies.
Subjects
Healthy male and female subjects aged 18-55 years with a body mass index (BMI) 17.5-30.5 kg/m 2 and a total body weight >50 kg were eligible for enrollment. Female subjects of childbearing potential were also eligible for enrollment, provided they agreed to use accepted methods of contraception. The main exclusion criteria were: positive urine screen for drugs of abuse or recreation; history of alcohol abuse or binge drinking, and/or any other illicit drug use or dependence within 6 months of screening; clinically significant malabsorption condition; known hypersensitivity, intolerance, or contraindication to any SGLT2 inhibitor, DPP-4 inhibitor, or metformin or to any of the foods provided; and/or use of prescription or nonprescription drugs, vitamins, and dietary supplements within 7 days or 5 half-lives (whichever was longer) prior to the first dose of the study medication.
Pharmacokinetic Evaluations
Serial blood samples (4 mL for monotherapy study, 6 mL for FDC studies) for pharmacokinetic analysis were collected from each subject predose (0 hours) and up to 72 hours postdose in each treatment period. Samples were centrifuged at approximately 1700g for 10 minutes at 4°C and then stored at −20°C within 1 hour of collection. Plasma samples were analyzed for ertugliflozin and metformin concentrations at WuXi AppTec (Shanghai, China) and for sitagliptin concentrations at inVentiv Health Clinique (Quebec City, Quebec, Canada) using validated highperformance liquid chromatography (HPLC)-tandem mass spectrometry methods. The method for bioanalysis of ertugliflozin has been described previously. 19 Sitagliptin was extracted from 100 µL of human plasma by protein precipitation with acetonitrile and sitagliptin-d4 as the internal standard. The extracted sample was injected into a Waters Atlantis HILIC Silica column 3 µm (2.1 × 50 mm) using a mobile phase of acetonitrile/water (80/20, v/v) containing 10 mM ammonium acetate (NH 4 Ac; pH 4.7). Detection was performed by Sciex API 4000 in the positive ion mode. The multiple reaction monitoring ion transition was m/z 408→235 for sitagliptin and m/z 412→239 for the internal standard. Metformin was extracted from 50 µL of human plasma by protein precipitation with acetonitrile and metformin-d6 as the internal standard. The supernatant was diluted with 10 mM NH 4 Ac in acetonitrile containing 0.5% formic acid. The extracted sample was injected into an HPLC column (Waters Atlantis HILIC Silica 5 µm [2.1 × 50 mm]), with a gradient mobile phase containing 0.5% formic acid and 10 mM NH 4 Ac in water, and 0.5% formic acid in acetonitrile. Detection was performed by Sciex API 4000 in the positive ion mode. The multiple reaction monitoring ion transition was m/z 130→71 for metformin and m/z 136→77 for the internal standard. The calibration curves were linear over the range of 0.500 to 500 ng/mL for ertugliflozin, 1.0 to 1000 ng/mL for sitagliptin, and 2.0 to 1000 ng/mL for metformin.
Data Analysis
Summary statistics for plasma concentrations were calculated by setting concentration values below the lower limit of quantification to zero. The following pharmacokinetic parameters were calculated for each subject and treatment using noncompartmental analysis of plasma concentration-time data using an internally validated software system, electronic non-compartmental analysis (eNCA, version 2.2.4): area under the plasma concentration-time curve (AUC) from time zero extrapolated to infinite time (AUC inf ); AUC from time zero to the time of the last quantifiable concentration (AUC last ); maximum observed plasma concentration (C max ); T max ; and t 1/2 . The pharmacokinetic concentration population was defined as all treated subjects who had ࣙ1 concentration measurement. The pharmacokinetic parameter analysis population was defined as all subjects randomized and treated who had measurements for ࣙ1 pharmacokinetic parameter in ࣙ1 treatment period. Natural log-transformed AUC inf and C max measurements were analyzed using a mixedeffects model with sequence, period, and treatment as fixed effects and subject within sequence as a random effect. The adjusted (least-squares) mean differences and 90% confidence intervals (CIs) were exponentiated to provide estimates of the ratio of adjusted geometric means (test:reference [fed:fasted]) and 90% CIs for the ratio. If an individual subject had a known biased estimate of a pharmacokinetic parameter (for example, because of an unexpected event such as vomiting before all the compound was adequately absorbed in the body), the subject was not included in the calculation of summary statistics or statistical analyses.
Safety Evaluations
All subjects who received ࣙ1 dose of study medication were included in the safety analysis. The safety and tolerability of ertugliflozin when administered under fasted and fed conditions as monotherapy and as ertugliflozin/sitagliptin and ertugliflozin/metformin FDCs were assessed via adverse event (AE) monitoring, physical examination, blood pressure and pulse rate, and measurement of clinical laboratory parameters, which were performed from screening and throughout the duration of study participation. Subjects received a follow-up phone call 14 ± 3 days after administration FDC, fixed-dose combination; n, number of subjects in specified category; SD, standard deviation.
of the last dose of study medication in period 2 to assess for AEs. AEs were coded using the Medical Dictionary for Regulatory Activities (version 18.0 or 18.1).
Results
Study Population
Fourteen subjects in each study were assigned to and received study treatments (Table 1 ). All subjects in the ertugliflozin and ertugliflozin/sitagliptin FDC studies completed the respective studies and were included in pharmacokinetic and safety analyses. In the ertugliflozin/metformin FDC food-effect study, 13 of 14 subjects completed both the fed and fasted treatment periods. One subject withdrew after administration of ertugliflozin/metformin FDC under fasted conditions without proceeding to the fed treatment period because the subject was no longer willing to participate in the study. Subjects were predominantly white men; there were 10 men in both the ertugliflozin and ertugliflozin/metformin FDC studies and 11 men in the ertugliflozin/sitagliptin FDC study. Across the 3 studies, the mean age range of the subjects was 35.6-38.8 years, and the mean BMI was 23.9-26.7 kg/m 2 (Table 1) .
Pharmacokinetics
Mean ( Table 2 ). After administration of the FDC formulations, median T max for metformin was 2.3 hours (fasted) and 4.0 hours (fed), and for sitagliptin it was 3.0 hours (fasted) and 1.8 hours (fed); see Table 2 . The t 1/2 values were similar in fasted and fed states for ertugliflozin as monotherapy or in the FDC formulations and for sitagliptin and metformin as part of an FDC ( Table 2 ).
The AUC inf was similar in the fasted and fed states for ertugliflozin, sitagliptin, and metformin (Table 3) . Although not predefined as a criterion, the 90% CI of the adjusted geometric mean ratio (GMR; fed:fasted) for AUC inf was within the bioequivalence limits of 80%-125% for ertugliflozin (as monotherapy or as part of an FDC) and for metformin and sitagliptin (as part of an FDC); see Table 3 . Based on the adjusted GMRs (fed:fasted), compared with the fasted state, the C max for ertugliflozin in the fed state was decreased by 29% when administered as monotherapy, by 30% when administered as the ertugliflozin/sitagliptin FDC, and by 41% when administered as the ertugliflozin/metformin FDC (Table 3) . Similarly, the C max of metformin was decreased by 29% in the fed state compared with the fasted state (Table 3) . For sitagliptin, the 90% CI of the adjusted GMR (fed:fasted) for C max when administered as the ertugliflozin/sitagliptin FDC tablet was within the bioequivalence limits of 80%-125% (Table 3) .
Safety
A summary of AEs for all 3 studies is presented in Supplemental Table S1 . No deaths, serious AEs, severe AEs, or temporary or permanent discontinuations due to AEs were reported. Across all 3 studies, the majority of treatment-emergent AEs (39 of 46 [85%]) were mild in intensity. The most commonly reported AEs were nervous system disorders (headache) for ertugliflozin monotherapy and gastrointestinal disorders for the FDC tablets. Most of these AEs occurred in ࣘ1 subject; only abdominal pain (ertugliflozin/metformin FDC, fed, n = 3), acne (ertugliflozin/metformin FDC, fed, n = 2), and headache (ertugliflozin monotherapy, fasted, n = 3) were reported in ࣙ2 subjects. There were 
Discussion
Ertugliflozin, an SGLT2 inhibitor, is approved in the US and EU for the treatment of T2DM in adults for use as monotherapy, in combination with other antihyperglycemic agents, and as part of FDCs with sitagliptin or immediate-release metformin. Three separate studies were conducted to evaluate the effect of a standard high-fat breakfast on the pharmacokinetics of ertugliflozin monotherapy, the ertugliflozin/sitagliptin FDC tablet, and the ertugliflozin/metformin FDC tablet. Pharmacokinetic data from these studies suggest that administration of ertugliflozin monotherapy, ertugliflozin/sitagliptin FDC tablets, and ertugliflozin/metformin FDC tablets with a high-fat meal had no meaningful effect on the AUC inf of ertugliflozin, sitagliptin, or metformin. When ertugliflozin was administered in the fed state, compared with administration in the fasted state, median T max was delayed by 1 hour in all 3 studies, and C max was reduced by 29%-41%. The delayed T max and decreased C max , without affecting total exposure and half-life, are likely due to delayed gastric emptying following a high-fat meal and are consistent with the BCS class I properties (high solubility and high permeability) of ertugliflozin. Moreover, the effect of food on ertugliflozin C max and T max is not considered clinically relevant, as ertugliflozin efficacy is driven by total exposure (AUC) rather than peak concentration (C max ). In a study that compared twice-and once-daily dosing of ertugliflozin in healthy subjects at total daily doses of 5 and 15 mg, there was no meaningful difference in 24-hour urinary glucose excretion (a pharmacodynamic marker of SGLT2 inhibition) or AUC 24 values for the 2 doses, although, as anticipated, C max values were lower for twice-daily dosing compared with once-daily dosing when given the same total daily dose (data on file and reference 20 ) . Furthermore, in phase 3 studies, T2DM patients were instructed to take the study medication at approximately the same time of day in the morning without regard to meals. Results from these studies showed a significant improvement in Hb A1c , body weight, and blood pressure after 26 weeks of ertugliflozin treatment. [5] [6] [7] [8] [9] Oral doses of ertugliflozin as high as 300 mg (single dose), 100 mg once daily (up to 14 days), and 25 mg once daily (up to 12 weeks) were not associated with any safety concerns in early phase 1 and 2 studies, and a maximum tolerated dose has not been identified. The safety and tolerability of ertugliflozin have also been demonstrated in phase 3 studies comprising subjects representative of the spectrum of patients with T2DM, including a wide array of background medications. Overall, ertugliflozin was well tolerated at both the 5-and 15-mg doses, which demonstrated generally similar safety profiles. The above findings are consistent with the understanding that total exposure is generally more clinically relevant than peak exposure for chronically administered drugs. Based on the lack of a clinically meaningful effect of food on ertugliflozin pharmacokinetics, ertugliflozin can be administered with or without regard to meals. This is also supported by a population pharmacokinetics analysis of phase 1, 2, and 3 studies with ertugliflozin that showed that food has no clinically relevant effect on the pharmacokinetics of ertugliflozin. 21 The effect of food on the pharmacokinetics of sitagliptin in the ertugliflozin/sitagliptin FDC tablets was consistent with the previously reported effect for sitagliptin administered as monotherapy. 22 In the previously published data, the fed:fasted GMRs (90% CIs) for AUC inf and C max of sitagliptin were 103% (97%-111%) and 94% (86%-103%), respectively, and the GMRs were contained within the bioequivalence bounds of 80% to 125%; 22 as such, sitagliptin tablets can be administered without regard to food. In the current analysis, food also had no effect on the AUC inf or C max of sitagliptin when administered as an ertugliflozin/sitagliptin FDC tablet. Based on the lack of a clinically meaningful effect of food on the pharmacokinetics of the ertugliflozin/ sitagliptin FDC tablet, this FDC tablet may be administered without regard to meals.
Results from a study conducted to assess the effect of food on metformin pharmacokinetics revealed that at a dose of 850 mg, food slightly delays and also decreases the extent of absorption, as evidenced by an approximately 35-minute increase in T max , 25% lower AUC, and 40% lower mean C max in the fed versus fasted state. 23 In the ertugliflozin/metformin FDC study presented here, metformin T max was delayed by 1.7 hours and C max was reduced by approximately 29% in the fed versus fasted state, but there was no effect on AUC. As such, the observed effect of food on the AUC inf and C max of metformin when administered as the ertugliflozin/metformin FDC tablet was slightly less than that reported for metformin when administered alone. 23 The magnitude of the decrease in C max for ertugliflozin and metformin when administered as an ertugliflozin/metformin FDC tablet in the fed versus fasted state is not considered clinically relevant; however, the ertugliflozin/metformin FDC tablet should be given with meals to reduce the gastrointestinal side effects associated with metformin.
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Conclusions
In summary, ertugliflozin and ertugliflozin/sitagliptin FDC tablets can be administered without regard to food with no meaningful effect on the pharmacokinetics of ertugliflozin and sitagliptin. Taking the dosing recommendation of metformin into consideration, ertugliflozin/metformin FDC should be given twice daily with meals to reduce the gastrointestinal side AUC inf , area under plasma concentration-time profile from time 0 extrapolated to infinity; CI, confidence interval; C max , maximum observed plasma concentration; FDC, fixed-dose combination; GMR, geometric mean ratio.
effects from metformin. All study medications were well tolerated in both the fasted and fed states. 
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